ABSTRACT. A variety of virulence factors (VFs) such as type 1 fimbriae, pilus associated with pyelonephritis, S fimbriae, afimbrial adhesin, α-hemolysin, aerobactin and cytotoxic necrotizing factor 1 are associated with uropathogenic Escherichia coli. In this study, 80 uropathogenic E. coli strains in 50 dogs and 30 cats suffering from UTI. In addition, 60 E. coli strains were isolated from fecal samples from 30 each of healthy dogs and cats. The distribution of VFs of uropathogenic E. coli strains isolated from dogs and cats suffering from urinary tract infections (UTI) were examined by the colony hybridization test with seven DNA probes specific for VFs, and the results were compared with those obtained in the studies on strains from humans with UTI. In uropathogenic E. coli strains isolated from dogs and cats suffering from UTI, VFs were detected as frequently as in the strains isolated from humans with UTI. Although less frequently, genes encoding these VFs especially pap, sfa, hly and cnf 1 genes were also associated with E. coli strains isolated from feces of healthy cats, in contrast to the distribution pattern of uropathogenic E. coli observed in humans. Furthermore, all VFs except pil were significantly more frequently detected in strains isolated from urine of animals with cystitis than in those isolated from feces of healthy humans. These results indicate that VFs of E. coli contribute to the pathogenesis of UTI in dogs and cats. -KEY WORDS: canine, Escherichia coli, feline, urinary tract infection, virulence factor.
there have been only few reports on urovirulence factors of E. coli derived from dogs and cats. Low et al. [10] analyzed E. coli strains isolated from dogs with UTI in an attempt to determine if any of these strains were similar to E. coli isolated from human UTI. All isolates shared similar DNA sequences for pap, hly and insertion sequence 5 on the basis of Southern blot analysis. These results suggest that similar uropathogenic E. coli organisms might be able to cause infection in dogs and humans.
We used DNA probes specific for seven urovirulence factors including type 1 pilus (pil), pilus associated with pyelonephritis (pap), S fimbriae (sfa) and afimbrial adhesin of the X adhesin group (afa I), α-hemolysin (hly), cytotoxic necrotizing factor 1 (cnf 1) and aerobactin (aer) to examine the distribution of these factors in E. coli strains isolated from dogs and cats with UTI by the DNA colony hybridization test. We assessed also the utility of the multiplex polymerase chain reaction (PCR) for rapid detection of the virulence factors of uropathogenic E. coli by using a mixture of primers previously reported for the various factors [19] .
MATERIALS AND METHODS
In the present study, 50 E. coli strains from dogs and 30 strains from cats were used. Diagnosis of UTI was based on clinical signs including rectal temperature, general condition and appetite, as well as urinary signs (micturition disorders, polyuria/polydipsia and microscopic urine appearance etc.). Urine samples were collected by Human urinary tract infections (UTI) such as cystitis and pyelonephritis are generally caused by rectal indigenous bacteria by the upward invasion into the urinary tract. UTI is common by seen in companion animals such as dogs and cats [13] . Although the causative bacteria of UTI are diverse, Escherichia coli is the chief causative pathogen.
Recognizing that E. coli is found commonly in the environment as well as the gastrointestinal tract of animals, we have been inclined to favor host factors rather than bacterial virulence factors as the principal determinants of pathogenicity.
There have been many reports on humans UTI with respect to urovirulence factors of E. coli, an indigenous intestinal bacterium. Among urovirulence factors of E. coli, adhesive factor is classified under type 1 pilus of mannosesensitive adhesin (MSHA), pilus associated with pyelonephritis of mannose-resistant adhesin (MRHA), X adhesins group and others [1, 7, 11] . In addition, hemolysin is a toxin causing cell injury, cytotoxic necrotizing factors 1 and 2 are toxins to necrotizing cells, and aerobactin is a siderophore ingesting iron. O polysaccharides (O antigen) function directly to protect against complement-mediated bacterial killing. A certain K capsular types (K antigen) accounts for most cases of pyelonephritis [3, 4, 9] .
Yamamoto et al. [20] investigated virulence factors of uropathogenic E. coli from patients suffering from cystitis and of fecal E. coli from healthy subjects and reported that the distribution of virulence factors derived from cystitis was significantly high, and that there was to some degree a correlation between serotypes and genotypes. In animals, cytocentesis or urethral catheterization for laboratory test. E. coli was isolates by URICULT E (Orion Diagnostica, Finland). It proposed that the finding of ≥ 10 3 CFU/ml of urine define significant bacteriuria in UTI. Such samples that showed mixed infection with other bacteria were excluded from the study. The strains were stored in stab cultures Luria-Bertani broth containing 15% glycerol at 80°C until use. E. coli isolates used for control were isolated from rectal swabs from 30 healthy dogs and 30 healthy cats.
The probes used for the DNA colony hybridization test were 1.3 kb Sma I fragment of pSH2 for pil as an adhesive factor, 2.4 kb Sma I fragment of pRHU 845 for pap, 1.8 kb EcoRV-Nco I fragment of pANN801-13 for sfa, 1.1 kb Pst I fragment of PIL14 for afa I, 2.4 kb Pvu II fragment of pSF4000 for hly, 1.8 kb Ava I fragment of pABN1 for aer and 0.9 kb Hind III fragment of pISS391 for cnf 1 [2, 6, 8, 12, 14, 16, 17] . The DNA colony hybridization and multiplex PCR were performed as described by Yamamoto et al. [19, 20] . Multiplex PCR analysis was carried out to detect pap, sfa, afa I, hly, aer and cnf 1. The statistical significance was calculated by the Fisher's exact test and χ 2 analysis. Table 1 shows the distribution of 7 urovirulence factors in E. coli strains isolated from samples obtained from dogs, cats and humans suffering from UTI and under healthy state.
RESULTS
The positive rates of the seven urovirulence factors in E. coli strains isolated from infected and healthy dogs, respectively, were: 92 and 90% for pil, 54 and 32% for pap, 54 and 27% for sfa, 4 and 0% for afa I, 54 and 31% for hly, 4 and 6% for aer, and 52 and 30% for cnf 1. Most E. coli strains had pil and the positive rates of pap, sfa, hly and cnf 1 were significantly higher in uropathogenic strains. The positive rates from infected and healthy cats were respectively, 84 and 90% for pil, 60 and 52% for pap, 60 and 47% for sfa, 8 and 0% for afa I, 60 and 48% for hly, 20 and 10% for aer, and 64 and 50% for cnf 1. The positive rates were similar of urine in uropathogenic isolates and fecal isolates from cats.
The distribution pattern of urovirulence factors in E. coli strains as examined in the present study, is shown in Table  2 . Highly distributed factors in uropathogenic strains were pil, pap, sfa, hly and cnf 1, showing 52% for dogs and 60% for cats. On the other hand, the positive rates of the factors in fecal isolates from healthy subjects were 27% for dogs, but 42% for cats, a relatively high rate. E. coli strains containing only the pil genotype were 59% of those from healthy dogs and 35% of those from healthy cats, whereas 38% from dogs with UTI and 0% from cats with UTI. Figure 1 shows the data obtained by multiplex PCR analysis, being in complete agreement with those of the colony hybridization test on all strains (Table 1) .
DISCUSSION
A previous report [15] has shown by bioassay that E. coli strains with virulence factor are associated with canine urinary tract infection. Jorge et al. [5] showed that the haemolytic E. coli strains isolated from feces of healthy cats produced the cytotoxic necrotizing factor. Yamamoto et al. [20] reported that uropathogenic strains from humans had pil in 93 and 90%, pap in 64 and 28%, sfa in 37 and 14%, afa I in 9 and 0%, hly in 41 and 18%, aer in 61 and 13% and cnf 1 in 48 and 21% respectively ( Table 1 ). All urovirulence factors except pil in the isolates derived from UTI showed significantly high positive rates.
In this study, the distribution of the seven virulence factors among uropathogenic E. coli strains isolated from dogs and cats suffering from UTI was examined by genetic techniques. Strains containing only the pil genotype were isolated mainly from fecal specimens of healthy dogs and cats, with a particularly high frequency in the strains from cats. This indicates a low degree of association between this genotype and uropathogenicity. On the other hand, E. coli strains containing pap, sfa, hly and cnf 1 were showed similar characteristic as those of the strains causing human UTI, indicating that acquiring of these factors is advantageous to uropathogenesis. Further genetic studies may be necessary to confirm the role of uropathogenic E. coli strains from dogs and cats.
Wilson et al. [18] examined E. coli strains isolated from dogs and cats with UTI for the three virulence factors associated with human uropathogenic strains used as control. Urogenital strains of E. coli from dogs and cats had high prevalence of α-hemolysin (hly) and were clustered in five to ten somatic serogroups. They had attributes shared by human uropathogenic strains. The same somatic serogroups (except O75 )were found consistently in the strains of E. coli associated with urogenital disease in dogs and cats which would have a feces reservoir of uropathogenic strains.
The distribution of these factors in E. coli strains isolated from healthy humans and dogs was different from that in strains isolated from healthy cats, showing a high frequency of these factors. In particular, cats showed little difference between urine and fecal isolates. The present study revealed a high frequency of urovirulence factors in dog and cat isolates. The dominance of urovirulence factors in strains isolated from the fecal specimens of small animals indicates that cats could possibly be reservoirs for humans UTI. In addition, E. coli strains containing urovirulence factors would be excreted into the external environment and transmitted to humans and animal hosts, causing novel infections. Further studies are required to obtain more detailed information on the in vivo interactive effects of urovirulence factors, the pathogenesis of the factors and the development of clinical signs. It is also important to consider therapeutic strategy for the infection by E. coli with or without the urovirulence factors, and to prevent the excretion of uropathogenic bacteria into the external environment. To monitor treatment, multiplex PCR analysis is needed by diagnostic laboratories to distinguish uropathogenic strains from nonpathogenic strains.
